We report that in a population of allogeneic stem cell transplant recipients, determination of the viral doubling time (dt) of the cytomegalovirus (CMV) DNA plasma load predicted the eventual need for inception of preemptive antiviral therapy, whereas the level of the initial plasma CMV DNA load did not. The data thus indicated that determination of the dt of CMV DNA may be useful in the therapeutic management of CMV infection in this clinical setting.
P
reemptive antiviral therapy based on virological monitoring is currently the standard of care for the prevention of cytomegalovirus (CMV) disease in allogeneic stem cell transplant (Allo-SCT) recipients (1) (2) (3) . Quantitative real-time PCR (qRT-PCR) tests have largely replaced the pp65 antigenemia (AG) assay for guiding antiviral inception, with satisfactory clinical results (1, 2, 4, 5) . While in the AG test era, the positivity of the assay triggered the initiation of antiviral therapy, in the qRT-PCR era, the deployment of treatment is delayed until the CMV DNA load in the blood reaches a predetermined threshold. This is meant to avoid overtreatment, as qRT-PCR tests are more sensitive than the AG assay (3, 4) . The fact is that the limits of detection (LOD) and quantitation (LOQ) of most "in-house" and commercially available qRT-PCRs are well below the plasma CMV DNA load thresholds that are widely accepted for triggering the initiation of preemptive antiviral therapy (between 500 and 1,000 copies/ml at most centers, in the setting of no risk-adapted strategies) (1). In our experience (6), CMV DNA loads at the beginning of episodes of active CMV infection (first and even second positive qRT-PCR results) are frequently of low magnitude (below 500 copies/ml); this seems to be the experience of other groups as well (7, 8) . However, whether information on clinical utility could be derived from these early measurements remains to be determined. In the present study, we investigated whether the analysis of early kinetics of plasma CMV DNA load, as measured by highly sensitive qRT-PCR assays, allowed us to predict which episodes of active systemic CMV infection would eventually need to be treated in the context of a preemptive antiviral therapy strategy triggered by widely accepted plasma CMV DNA load cutoffs (1) .
The patients included in this study (n ϭ 82) underwent Allo-SCT at the Hematology Unit of University Clinic Hospital of Valencia between May 2010 and February 2013. The median age of the patients was 46 years (range, 15 to 71 years). The most relevant characteristics of the patients are shown in Table 1 . From May 2010 to May 2012, patients were treated preemptively, as described previously (9) , when the plasma CMV DNA load reached Ͼ500 copies/ml, as determined by the Abbott CMV PCR kit (Abbott Molecular, Des Plaines, IL) (4). Since May 2012, the CMV DNA load threshold for the initiation of antiviral therapy has been set at 1,000 copies/ml, as determined by the new RealTime CMV PCR (Abbott Molecular, Des Plaines, IL). This cutoff approximately equates to that employed earlier, as the new RealTime PCR assay yields CMV DNA values of higher magnitude than the CMV PCR kit (10) . The limits of detection and quantitation of both qRT-PCR assays are approximately 20 copies/ml (95% confidence interval [CI]) (4, 11) . Data from 17 patients guided by the Abbott CMV PCR kit had been previously reported (6) .
Fifty-five of the 82 patients developed an episode of active CMV infection within the first 100 days following Allo-SCT, at a median of 32 days after transplant (range, 2 to 56). Only the first episodes of active CMV infection were considered for analysis in this study. Of these, 32 patients were preemptively treated with antivirals, whereas the remaining 23 patients spontaneously cleared the episode. Only one patient developed CMV end-organ disease (intestinal disease). Initial CMV DNA loads were below the threshold for the inception of antiviral therapy in all episodes, regardless of whether these were ultimately treated or not (data not shown); in fact, in 41 of 55 episodes, they were below 100 copies/ml. We first asked whether the initial CMV DNA load in episodes that were eventually treated with antivirals differed from that in episodes that were not. For this analysis, CMV DNA load values obtained by the respective qRT-PCR assay were normalized to the 1st WHO International Standard for CMV for Nucleic Acid Amplification-Based Assays (National Institute for Biological Standards and Control, Hertfordshire, United Kingdom) and expressed in IU/ml (12) . The conversion factors (from copies/ml to IU/ml) for the qRT-PCR assays employed in this study were previously defined (11) . Overall, plasma CMV DNA loads were higher in the former group, although the differences did not reach statistical significance (Table 2 ). This was irrespective of both the qRT-PCR assay employed and the individual risk of patients for CMV end-organ disease (1-3). Thus, no reliable initial CMV DNA load threshold predicting the eventual need for antiviral therapy could be established by this study. This is in accordance with data published previously by our group for a cohort of patients in which the initiation of antiviral therapy was triggered either by the AG assay or by a qRT-PCR assay (6) . CMV DNA loads measured in the second positive qRT-PCR tests were below the cutoff for the initiation of antiviral therapy in 41 of 47 episodes. (A single positive qRT-PCR result was seen in 8 episodes.) Second qRT-PCR analyses were performed at a median of 6 days (range, 4 to 8 days) after the first. This allowed us to calculate the viral doubling time (dt) in the absence of antiviral treatment (6) . These calculations were only performed for episodes in which there was an increase between the first and second CMV DNA load values of Ͼ3-fold (Ͼ0.5 log 10 copy/ml, which is above the interassay coefficient of variation of both PCR assays) (n ϭ 36) (2, 13). Twenty-nine of these 36 episodes were treated with antivirals. As shown in Table 2 , patients who were eventually treated displayed dt values that were significantly shorter than those who did not. Receiver operating characteristic analyses (14) were performed to determine the optimal cutoff value for predicting the need of treatment. Overall, a dt threshold of 2.41 days displayed a sensitivity of 81.3% and a specificity of 71.6%. For the high-risk group, the dt was 2.17 days (sensitivity, 81.8%; specificity, 59.4%), and for the low-to intermediate-risk group, the optimal dt was 3.6 days (sensitivity, 80.0%; specificity, 66.7%). Overall, a dt cutoff value of 2.0 days predicted the need for antiviral treatment with maximum sensitivity (100%), albeit with a modest specificity (51%); that is, all patients with dt values of Յ2 days (9 high risk and 6 low to intermediate risk) would have been treated approximately 1 week earlier, whereas patients with dt values of Ͼ2 days that eventually required the inception of antiviral therapy (11 high-risk and 3 low-to intermediate-risk patients) would have been treated at the time they had reached the established CMV DNAemia cutoff for initiation of preemptive therapy.
The clinical significance of the early kinetics of CMV DNA load in blood in transplant recipients was first postulated by Emery et al. (10) . They showed that the rate of viral load increase was an independent risk factor for CMV disease in a mixed population of solid organ transplant and Allo-SCT recipients. In the referred study, nevertheless, an endpoint quantitative PCR assay display- ing a higher LOD than that in the present study was employed. In the era of highly sensitive qRT-PCRs, our data lend support to the clinical utility of these analyses. In our setting, dt values, but not initial CMV DNA load values, allowed the prediction of the need for antiviral therapy in both high-risk and low-to intermediaterisk patients. According to current practice at most transplant centers (1-3), the implementation of antiviral therapy upon reaching dt values of Յ2.0 days would have prompted the inception of antiviral therapy approximately 1 week earlier in 15 patients. However, whether this would have resulted in a clinical benefit for patients (shorter duration of treatments and less toxicity) is unknown. We are currently in the process of designing a controlled clinical trial aimed at evaluating the safety and clinical efficacy of this strategy.
